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ELECTRONICS-CARRYING MODULE FOR MARINE SEISMIC CABLE 

1. Field of the Invention 

The present invention is directed, in general, to the field of 
electronics packaging. Embodiments of the invention have applications 
in marine seismic exploration by providing an electronics-carrying 
module for a seismic data acquisition cable and will be described 
hereinafter predominantly with reference to this application. However it 
will be appreciated that this invention is not limited to this particular 
field of use, for example the invention is also useful in other fields of 
endeavor such as overhead transmission lines or any anything that 
embodies electronics in a continuous cable. 

2. Description of the Prior Art 

To the best of the inventors' knowledge as at the priority date, 
there are two main modes of data acquisition arrays or systems for 
conducting a marine seismic survey. One mode is to adopt a distribution 
Ocean Bottom Cable data acquisition array that uses mostly 12-24 
channels data acquisition, with digitized data transmission in the cable 
and recording in a central station. 

Another mode of data acquisition arrays used in marine 
geophysical imaging is typically referred to in the art as ''streamer cable" 
or "towed arrays or simply as "streamer^. Streamers are usually towed 
behind a sea-going vessel or submarine, and sense acoustic signals 
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originating from a variety of underwater sources. In undersea warfare 
applications the signal may emanate from other vessels whose natural 
mechanical actions tend to radiate sound, which in turn may propagate 
considerable distances through open seawater. This is an example of 
5 **passive" detection using streamers. Since the streamers are towed 
behind a vessel, they are made to have a neutral buoyancy which is 
typically provided by including a liquid or gel that has a density less than 
sea water, or by using plastic or glass microspheres embedded in a solid 
or semi-solid material. 

10 

Alternatively, a source of acoustic energy may be used to 
"insonify^ the general vicinity aroiand the streamers which are used to 
receive reflected acoustic signals from natural or artificial objects in the 
sea. This particular mode of sensing is important in the detection and 
15 imaging of sub-sea structures which in turn is the most effective means 
presentiy known for oil exploration. Such streamers are commonly 
known as "seismic streamers''. 

In order to perform seismic surveys, a seismic streamer needs to 
20 be towed in the water behind a marine seismic vessel. The vessel tows 
acoustic energy sources such as air guns to generate energy for 
penetrating subsiirface geologic formations, and streamer support 
hydrophones for detecting energy reflected from the subsurface 
formations. The streamers typically comprise arrays of hydrophones, 
25 buoyancy material, electronic circuitries, such as preamplifiers, 
analog-to-digital converters, electro-optic modulators, data acquisition 
units and etc., power lines, data transmission lines (electrical wires 
and/or optical fibres), and strength members. 
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For three dimensional seismic surveys, several streamers of a 
number between two and twelve or more are typically deployed 
simultaneously, each such streamer typically extends between three and 

5 twelve kilometers in length. Due to its extreme length, the streamer is 
divided into a number of separate sealed elongate ''sections" or 
"modules'' that can be decoupled from one another and are 
interconnected end to end to make up the streamer. This module-like 
structure of the streamer is also very similar to Ocean Bottom Cables. 

10 The mod\iles are connected together through connectors which form end 
fittings in the module ends which physically secure the modules together 
and also provide for electrical/ optical connections between modules so 
that data and power can pass freely along the length of the streamer. 

15 Prior art electronic circuits formed on printed circxoit boards 

(PCBs) were physically housed in metal canisters located within or 
between the modules in the streamer. Being metal and containing 
electronic components, the canisters were relatively heavy. Thus, the 
canisters were made large (on the order of 4 inches in diameter and 

20 12-15 inches in length) and spacious inside to give the canisters an 
overall near-neutral buoyancy and a volume large enough to 
accommodate large rigid PCBs. 

Unfortunately, the inter-module canisters had several 
25 significant disadvantages. Firstly, the streamer section interconnection 
must be broken to allow for access to canister electronics for both 
maintenance and replacement. The breaking of the inter-section 
connection presents large operational down-time and handling risks, 
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particvilarly if performed in a deployed state. Second, the canister is a 
large rigid design which gives rise to a mismatch in its mechanical 
handling characteristics as compared to the flesdble streamer sections. 
This creates a handling difficiilty and is also likely to create mechanical 
5 failure points. Third, the system cost is governed partly by the number of 
canisters needed. Each canister with its associated electronics and 
connectors is expensive. Thus a system which requires a lesser niamber 
of canisters is generally more cost effective. 

10 U.S. Pat. No. 5,400,298 subsequently disclosed an integrated 

modrde for a towed hydrophone streamer that eliminates the 
inter-module canisters by providing a distributed network of 
interconnected watertight electronics housings or "cans" spread 
throughout each integrated module of the streamer. Nevertheless, for 

15 system maintenance and replacement of failed PCBs, the integrated 
module of U.S. Pat. No. 5,400,298 does not allow for "easy access" to the 
PCBs. 

Any discussion of the prior art throughout the specification should in no 
20 way be considered as an admission that such prior art is widely known 
or forms part of common general knowledge in the field. 

It is an object of the present invention to overcome or ameliorate at least 
one of the disadvantages of the prior art, or to provide a useful 
25 alternative. 

SUMMARY OF THE INVENTION 
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The preferred embodiment of the present invention is applicable 
to both ocean bottom cables and seismic streamers, as well as to both 
solid and liquid-filled cables. 

5 

The preferred embodiment provides an electronics-carrying 
module with a reduced outer dimension as compared to a conventional 
canister, but still having a spacious curved interior for carrying bendable, 
wrap-around circuitry. 

10 

The preferred embodiment further provides the above 
mentioned electronics-carrying module with easy access to the 
wrap-around circuitry carried inside the electronic carrier. For example, 
the distributed electronics can be removed or serviced without 
15 decoupling or removing the electronics-carrying module, which is a 
distinctive feature of the preferred embodiment of the present invention 
not available in the prior art. 

Additionally, a preferred embodiment of the present invention 
20 provides an electronics packaging solution which acconmiodates an 
uninterrupted central strength member running along the entire length 
of an active section of seismic data acquisition cables. 

In accordance with a first aspect of the present invention there is 
25 provided an electronics-carrying module in a seismic data acquisition 
cable including: 

an electronics carrier having access means for providing an 
easy-to-reach access to a wrap-aroimd circuitry fitted inside a curved 
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space within said electronics carrier; 

a pair of rigid end-fittings spaced apart axially by said 
electronics carrier for connecting to a section of said seismic data 
acquisition cable; and 

5 an axial hole formed in said electronics carrier and said rigid 

end-fittings defining said ciirved space between said axial hole, said 
access means and said rigid end-fittings, said axial hole is formed for 
accommodating a cable with an uninterrupted strength member along 
said seismic data acquisition cable through said electronics-carrying 

10 module. 

According to a second aspect of the present invention there is 
provided an electronics carrying module including: 

a carrier defining a space for housing of electronics; 
15 selectively removable access means engagable with said carrier 

so as to provide access to said space; 

a pair of end-fittings spaced apart axially by said carrier for 
connection of said module to a section of a cable; 

said cable having an axially extending strength member; and 
20 a hole disposed along said module between said end-fittings, 

said hole being sized so as to accommodate threading of said cable 
through said module such that said strength member extends axially 
through said module; 

said access means being operable to provide access to said 
25 space without decoupling or removing the modxile fixDm the cable. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



A preferred embodiment will now be described, by way of 
5 example only, with reference to the accompanying drawings in which: 

FIG. 1 is a perspective view of an embodiment of the 
electronics-carrying modiale according to the present invention; 

10 FIG. 2 is a perspective view of another embodiment of the 

electronics-carrying module according to the present invention; 

FIG. 3 is a perspective view of the embodiment of FIG- 1 with a 
seismic data acquisition cable; 

15 

FIG. 4 is a perspective view of the embodiment of FIG. 2 with a 
the seismic data acquisition cable; 

FIG. 5a is a layout view of an embodiment of wrap-around 
20 circuitiy according to the present invention; 

FIG. 5b is a layout view of an alternate embodiment of wrap 
around circuitiy; 

25 FIG. 5c is a layout view of another alternate embodiment of wrap 

around circuitiy; 

FIG. 6 is a schematic overview of a seismic streamer assembly 
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towed behind a vessel; 

FIG. 7 is a cross sectional perspective view of the embodiment 
illustrated in figure 1, with the cross section taken transversely at the 
5 longitudinal mid-point; 

FIG. 8 is a cross sectional perspective view of the embodiment 
illustrated in figure 2, with the cross section taken transversely at the 
longitudinal mid-point; 

10 

FIG. 9 is a cross sectional perspective view of an alternative 
embodiment similar to that illustrated in figure 1; and 

FIG. 10 is a cross sectional perspective view of yet another 
15 alternative embodiment similar to that illustrated in figure 1 . 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 Some sample embodiments of the seismic data acqmsition cable 

of the present invention will now be described in greater detail. 
Nevertheless, it should be recognized that the present invention can be 
practiced in a wide range of other embodiments besides those explicitly 
described, and the scope of the present invention is expressly not limited 

25 except as specified in the accompanying claims. 

Moreover, while the present invention is illustrated by a number 
of preferred embodiments directed to seismic streamers, it is not 
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intended that these illustrations be a limitation on the scope or 
appUcabiUty of the present invention. Apart from seismic streamers, the 
present invention is also applicable to other applications, for example 
ocean bottom cables and to both soUd and Uqtiid-fiUed types of cables. 
5 Further, various parts of the present invention have not been drawn to 
scale. Certain dimensions have been exaggerated in relation to other 
dimensions in order to provide a clearer illustration and \mderstanding 
of the present invention. 

10 Referring initially to FIG. 1, illustrated is a perspective view of an 

embodiment of an electronics-carrying modiile of the present invention. 
The electronics-carrying module has an axial hole 100 close to, or in the 
center of, the electronics-carrying module. The electronics-carrying 
module further comprises an electronics carrier 101 and a pair of rigid 

15 end-fittings 102 spaced apart axially by the electronics carrier 101. The 
electronics carrier of the present invention is composed of an inner tube 
103, in either a cylindrical or polygonal shape, encompassed with an 
access means for providing an easy-to-reach access to a ciirved space 
104 (104a and 104b) defined in between the inner tube 103, the access 

20 means and the pair of rigid end-fittings 102. Wherein, the curved space 
104 is used in the present invention as a chamber for housing objects 
disposed within the electronics-canying module. Accordingly, the inner 
tube 103 encloses a major portion of the axial hole 100 and has at least 
one opening 105 formed thereon. The pair of rigid end-fittings 102 

25 encloses the remaining portion of the axial hole 100. 

The access means of the present embodiment comprises a first 
fi-actional fltiid-resistant tube 106 fixed between the pair of rigid 
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end-fittings 102 and a second fractional fluid-resistant tube 107. The 
second fractional fluid-resistant tube 107 releasably attaches to the first 
fractional fluid-resistant tube 106. Sealing means in the form of an 
elastomer ring 108, for example a rubber ring, is disposed within a 
5 recess provided within the first fi:actional fluid resistant tube 106 such 
that at least part of the sealing means 108 lies intermediate the first and 
second fractional fluid resistant tubes 106 and 107. The sealing means 
108 assists in the formation of a water tight connection between the first 
and second fractional fluid resistant tubes 106 and 107. 

10 

The second fractional fluid resistant tube 107 is affixed relative 
to the first second fractional flmd resistant tube by a securing means 
selected, for example, from one or more of the group consisting of screws, 
clips, bands, magnets, suction connections and/or adhesive materials 

15 such as glues. As shown in FIG. 1, the first embodiment of the present 
invention uses a screw 109 at each comer as securing means. This 
arrangement provides a waterproof and gap-free closure. The elastomer 
ring 108 used in the preferred embodiment can be replaced if worn. If 
necessary, the ring 108 may be accompanied by a waterproof sealant to 

20 maintain and/or reinforce the sealing of the closxare. 

The curved space 104 is divided into two parts, 104a and 104b 
in the embodiment illustrated in FIG. 1. The first part 104a is in the first 
fractional fluid-resistant tube 106 and the second part 104b is in the 
25 second fractional fluid-resistant tube 107. The two fractional 
fluid-resistant tubes make up the access means which define the curved 
space 104 together with the inner tube 103 and the pafr of rigid 
end-fittings 102. The first fractional fluid-resistant tube 106 shown in 
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FIG. 1 is larger in vol\ame than the second fractional fluid-resistant tube 
107. However, in other embodiments the first fractional fluid-resistant 
tube 106 is smaller in volume than, or equal in volxame to, the second 
fractional fluid-resistant tube 107. 

5 

As used in the present specification, the phrase "easy-to-reach 
access", when used in relation to an electronics-carrying module 640 
forming part of a streamer 500, should be construed as access to the 
module 640 which does not necessitate decoupling of the streamer 500, 
10 for example at a termination point 610. 

The preferred electronics carrying module includes a carrier 106 
definmg a space 104a for housing of electronics, for example 
wrap-around circuitry 301 . Selectively removable access means 107 are 

15 engagable with the carrier 106 so as to provide access to the spacel04a. 
Additionally, the removable access means 107, when disposed on the 
carrier 106, provides further space 104b which is continuous with the 
space 104a defined by the carrier. A pair of end-fittings 102 are spaced 
apart axiaUy by the carrier 106. The end-fittings allow for connection of 

20 the module to a section of a cable 400 which has axially extending 
strength member 402. A hole 100 is disposed along the module between 
the end-fittings 102. The hole is sized so as to accommodate threading of 
the cable 400 through the module such that the strength member 402 
extends axially through the module. The access means 107 is operable 

25 to provide access to the space 104a without decoupling of the streamer 
500, for example at a termination point 610. 

The carrier 106 has a substantially cylindrical outer shell 160 
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and the ciorved space 104a is disposed intermediate the hole 100 and the 
outer shell 160. 

Referring now to FIG. 2, illustrated is a perspective view of a 
5 second embodiment of the electronics-carrying module according to the 
present invention with an alternate access means design. The 
electronics-canying module has an axial hole 200 dose to, or in the 
center of, the electronics-carrying module. The electronics-carrying 
module further comprises an electronics carrier 201 and a pair of rigid 
10 end-fittings 202. The electronics carrier of the present embodiment is 
also composed of an inner tube 203, in either a cylindrical or polygonal 
shape, encompassed with another access means for providing 
easy-to-reach access to a curved space 204 defined in between the irmer 
tube 203, the access means and the pair of rigid end-fittings 202. 
15 Accordingly, the inner tube 203 spaces apart the pair of rigid end-fittings 
202 axially, encloses a major portion of the axial hole 200. and has at 
least one opening 205 formed thereon. The pair of rigid end-fittings 202 
encloses the remaining portion of the axial hole 200. 

20 The access means of the second embodiment is a movable 

open-ended cylinder 206 having a diameter sUghtly larger than any part 
of the seismic data acqmsition cable 400, in particular larger than the 
diameter of the rigid end-fittings 202. Hence, the movable open-ended 
cylinder 206 can slide away from the inner tube 203 to expose the curved 

25 space 204. The movable open-ended cylinder 206 is attached to the pair 
of rigid end-fittings 202 by a sealing means and can be detached by 
removing the sealing means. 
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An elastomer ring 207, for example a rubber ring, together with 
a secviring means selected from the group consisting of, for example, 
screws, cUps, bands, magnets, suction devices and adhesive materials 
such as glue, make up the sealing means which secures and seals the 

5 movable open-ended cylinder 206 to the pair of rigid end-fittings 202. 
Two rings 207 are disposed in circtimferential slots 220 disposed in each 
of the rigid end-fittings 202. These O-rings assist sealing between the 
open ended cylinder 206 and the rigid end-fittings 202. As shown in FIG. 
2, the present embodiment uses at least one screw 208 at each end of the 

10 movable open-ended cylinder 206. Therefore, by using such combination, 
a waterproof and gap-free closure is provided. The elastomer ring 207 
used in the present embodiment can be replaced if worn. It may also be 
supplemented by a waterproof sealant for maintaining and/ or 
reinforcing the sealing, if necessary. 

15 

Referring now to FIGS. 3 and 4, illustrated are perspective views 
of the embodiments of FIGS. 1 and 2 respectively. FIG. 4 further shows 
the movable open-ended cylinder 206 of FIG. 2 sliding away from the 
Loner tube 203 to expose the curved space 204. The movable open-ended 

20 cylinder 206 of FIG. 4 can also slide in a direction opposite to the 
direction 220 shown. The curved spaces, 104a and 104b of FIG. 3 and 
204 of FIG. 4, are used in the present embodiments to house electronic 
components such as the wrap-around circuitry 300 illustrated in figures 
5a, 5b and 5c adjacent to the seismic data acquisition cable 400. The 

25 wrap-around circuitry 300 is disposed around the inner tubes, 103 of 
FIG. 3 and 203 of FIG. 4, thereby ensuring efficient usage of the curved 
space inside the electronics-carrying module. The electronic 
components may be coupled to the cable 400 that runs through the axial 
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hole, 100 of FIG. 3 and 200 of FIG. 4, for example to facilitate both power 
and signal transmission. The wrap-aroxind circuitry 300 is coupled to 
the cable 400 through the openings, 105 of FIG. 3 and 205 of FIG. 4, on 
the inner tube, 103 of FIG. 3 and 203 of FIG. 4, by means of wiring 

5 and/or pin-socket connectors at the openings, 105 of FIG. 3 and 205 of 
FIG. 4. The wrap-aroimd circuitry 300 may be secured to the inner tubes, 
103 of FIG. 3 and 203 of FIG. 4, by glue or any other securing means 
mentioned earlier, or by the pin-socket connectors themselves. Moreover, 
the wrap-aroxmd circmtiy 300 can be any one or combination of, 

10 electronics circuitry/modules, whether well known in the art or not, 
amplifying circuitry, data acquisition units, analog-to-d^tal converters, 
multiplexing circuitry, active control drcviitry, power supply circuitry 
and/ or data transmission units, just to name a few. Further, the 
circuitry 300 may consist of, or include, sensors as described in U.S. 

15 Patent No. 5,400,298, the contents of which are hereby incorporated in 
their entirety by way of cross-reference. 

The cable 400 shown in both FIGS. 3 and 4 has an integrated 
transmission cable and strength member structure. It provides an 

20 electronics packaging solution which accommodates an un-interrupted 
central strength member rurming along an entire length of an active 
section of the seismic data acquisition cable 400. The cable 400 normally 
comprises a local power and telemetry section 403, a global strength 
section 402, and a global power and telemetry section 410. As used in 

25 this specification, the term "global" means uninterruptedly running 
along the entire length of an active section, and the term "local" refers to 
something which has been split at one or more positions along the active 
section. 
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The preferred embodiments of the cable 400 shown in both FIGS. 
3 and 4 each comprise a cable protective jacket 401, and at least one 
strength member 402, also referred to as a global strength section, 
5 running along the entire length of the cable 400 underneath the cable 
protective jacket 40 1 . The strength member 402 is used to withstand the 
pulling forces generated by a towed object, it has an outer coating jacket 
which surroiinds a metallic cord, synthetic cord, glass reinforced plastic, 
glass/resin composite structure, synthetic braid or any other 
10 material/ composition that serves the same function. Intermediate the 
cable protective jacket 401 and the strength member 402 there is formed 
a plurality of integrated signal and power transmission lines 403, and 
this region is referred to as the local power and telemetry section. The 
integrated signal and power transmission lines 403 comprise metal 
15 wiring such as copper wires. The copper wires are split along the cable 
400, in particular at the openings 105 of FIG. 3 and 205 of FIG. 4, for 
providing power to and signal transmission to and from the wrap-around 
circuitry 300. The global power and telemetry section 410 normally 
comprises at least one global power line 411 and at least one optical fibre 
20 412, which is all disposed within the strength member 402, as shown in 
the drawings, or by its side, Uke the local power and telemetry section 
403. 

Referring now to FIGS. 5a, 5b and 5c, illustrated are layout 
views of some sample embodiments of wrap-around circviitry according 
25 to the present invention. The wrap-around circuitry comprises a first 
rigid circuit board 301 with a connection (not shown) for connecting the 
wrap-around circuitry to the cable by means of wiring and/ or pin-socket 
connectors, and a second rigid circuit board 302 joined to the first rigid 



IS 



wo 03/062857 



PCT/AD03/00073 



circuit board 301 by a connection means 303. The wrap-aroimd circuitry 
further comprises a pluraUiy of other rigid circuit boards 304, each 
joined to either one or two adjacent rigid circuit boards by the same 
cormection means 303. The connection means 303 is a bendable 

5 conductor selected from the group consisting of a bxmch of wires in a 
ribbon cable, a flexible printed circuit board, or a fixed connector such as 
a pin-socket connector. With such connection means the rigid circuit 
boards can be spread across, stacked up one on top of another or a 
combination of spreading across and stacking up. Hence, a variety of 

10 wrap-around circuitry structures can be obtained as long as the 
wrap-aroiind circxoitiy can fit into the curved space 104a, 104b or 204 of 
the electronics-carrying module. Moreover, the circuit boards used to 
construct the wrap-around circuitry of the present invention are not 
restricted to any rigid shape. The circuit board may alternatively be a 

15 single flexible printed circuit board. 

Referring to FIG. 6, illustrated is an schematic elevational view 
including the active section 600 of a seismic streamer 500, with 
preferred embodiments of modules 640 disposed on a seismic data 

20 acquisition cable 400. A seismic vessel 700 tows the seismic data 
acquisition cable, also referred to as a seismic streamer 500, by way of a 
tow cable 710. The seismic vessel 700 also tows an array of acoustic 
energy sources 720 such as air guns to generate energy for penetrating 
subsurface geologic formations. The seismic streamer 500 supports a 

25 n^mlber of active sections 600 by joining one termination 610 to another 
for detecting energy reflected firom the subsurface formations. 

The active section 600 of the present embodiment comprises a 
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plwality of sensor group assemblies 620. Each sensor group assembly 
620 further comprises a plurality of sensor device carriers 630 
distributed in a spaced-apart relationship along each of the sensor group 
assembUes. Moreover, each of the sensor device carriers 630 has a 

5 central axial hole formed therein for allowing the cable 400 to run 
through, and each carrying at least one sensor device. The sensor device 
may include, for example, a hydrophone of the type commonly used in 
marine seismic surveys. Such hydrophones include but are not limited 
to those which operate using fibre optics or piezoelectric phenomena. 

10 The sensor devices may also include at least one non-acoustic sensor, for 
example, thermal sensors, pressure sensors, magnetic heading sensors, 
gravitational sensors or velocity/ acceleration sensors such as 
geophones. 

15 A plurality of the electronics- carrying modules 640 as shown 

FIGS. 1 and/or 2 are moxinted onto the tow cable 710. The 
electronics-carrying modxiles 640 are distributed along the active section 
600 of the seismic streamer 500 and in between two sensor group 
assemblies. The cable 400 of FIGS. 3 and 4 is positioned so as to extend 

20 along the entire length of the active section 600 through the sensor 
group assembly 620 and through the axial hole in each of the 
electronics-carrying modxales 640. An outermost protective layer 650 is 
disposed aroxmd the cable 400 and around the sensor group assembly 
620 to protect the cable and the sensor group assembly from the external 

25 environment. Moreover, although not shown in FIG.6, the outermost 
protective layer can also cover over the electronics-carrying modules for 
the same pxirpose. The outermost protective layer 650 is formed by 
extruding a material from a group containing potyurethane, polyethylene. 
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polycarbonate, polyacrylate and similar materials for avoiding sea-water 
leakage. A metal ring 660 is provided for clamping an end of the 
outermost protective layer 650 to the rigid end-fitting of the 
electronics-carrying module 640. A buoyant segment 670 is formed to fill 

5 the void underneath the outermost protective layer 650 and for providing 
a desired buoyancy level. The buoyant segment 670 can be a liquid 
material such as hydrocarbon fluid, or a solid material such as 
polsmrethane composite, or any material in between the liquid and solid 
states, such as a gel-type material. The buoyant segment 670 is normally 

10 not reqtiired if the seismic data acquisition cable is employed in other 
applications such as an ocean bottom cable. A strength reinforcing layer 
(not shown) is disposed over the outermost protective layer 650. In some 
embodiments a strength reinforcing member such as corrosion-resistant 
steel wire rope is used, particularly for reinforcing the ocean bottom 

15 cable. An end-termination member 610 is disposed at each end of the 
active section 600 for coupling either to the tow cable 710 or to the 
end-termination member of another active section to form the seismic 
streamer 500. 

20 Figure 7 illustrates a cross section of the embodiment of the 

electronics carrying module shown in figure 1, with hidden detail shown 
by the dotted lines. This embodiment of the invention is sudted for 
applications in which a relatively large volume of electronics must be 
housed within the module, for example the wrap aro\md circuitry shown 

25 in figures 5b and 5c. 

The complexity of the cavity 104a in the embodiment illustrated in 
figures 1 and 7 makes extraction of a negative pattern according to 
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Standard molding and casting techniques difficult or impossible. For 
this reason, this embodiment is preferably manufactured by means of 
investment-type casting, although other manufacturing methods may 
also suffice. As will be appreciated by those skilled in the art, 

5 investment-type casting reqiiires a sacrificial negative pattern to be 
formed from a material such as ceramics or wax, for example. Once the 
material which forms the module is fed into the negative pattern and 
solidifies, the negative pattern is destroyed as it is removed, for example 
it is melted in the case of wax, or it is chipped away in the case of a 

10 negative formed ftom a thin ceramic shell. 

The embodiment illustrated in figure 9 shows an alternative 
arrangement which can be assembled into a functionally identical 
embodiment to that illustrated in figures 1 and 7, but which allows for 

15 greater manufacturing freedom. The main difference is that the lower 
shell 140 is initially manufactured separately of the rest of the module. 
This allows alternative manufacturing techniques, such as machining 
from soUd materials, casting and molding, to be utilized in addition to 
the option of investment-type casting. Once the components have been 

20 manufactured, the lower shell 140 is permanently attached to the upper 
assembly 141 to form the embodiment illustrated in figures 1 and 7. 
This attachment may be achieved by means of fasteners such as screws 
and/or adhesives such as glues. 

25 Figure 10 illustrates another embodiment similar to that shown 

in figure 1, but suited to applications wherein electronics of a smaller 
volume are to be housed within the modiile, for example the wrap 
around circuitry shown in figure 5a. In this embodiment the lower half 
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142 of the modiile is solid, with the exception of the axial hole 100. The 
curved space 104a in the first fractional fluid resistance tube 106 is 
provided by two slots. Hiis less complex cavity 104a allows for a greater 
range of manufacturing freedom. This embodiment may be 

5 manufactured from techniques such as machining from solid materials, 
casting and molding. Another advantage associated with this 
embodiment is that the solid lower half 142 promotes greater mechanical 
stiffness and strength. Therefore, this embodiment of the module may 
be manufactured either with greater strength as compared to other 

10 embodiments, or with a similar strength, but from weaker and less 
e3q)ensive materials. 

Figure 8 illustrates a cross section of the embodiment of the 
electronics carrying module shown in figure 2, with hidden detail shown 
15 by the dotted lines. The movable open-ended cylinder 206 is omitted 
from figure 8 for the sake of clarity. This embodiment may be 
manufactured by a variety of techniques, such as machining firom solid 
materials, casting and molding. 

20 The inner tubes 103 and 203 of the various illustrated 

embodiments include a flat upper siirface, labeled 150 for the first 
embodiment and 250 for the second embodiment, which is adapted for 
abutment of a central rigid circuit board 301 as illustrated in each of 
figures 5a, 5b and 5c. The adjacent rigid circuit boards 302, 304 etc, are 

25 then threaded into the curved space, 104a for the first embodiment and 
204 for the second embodiment. In yet other embodiments, the central 
rigid circuit board 301 is an interface board which is adapted to interface 
with electronics from the cable 400 through opening 105 or 205. The 
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interface board 301 is preferably fixedly attached to the flat upper 
surface 150 or 250 The interface board 301 has means for electrical 
attachment of additional printed circuit boards 302, 304, etc thereto.. 
The interface board 301 advantageously provides for improved electrical 
5 continuity between the electronics within the cable 400 and the 
electronics within the rigid circuit boards 302, 304, etc. 

The material used to form the preferred embodiments is 
preferably selected from a group including plastics and metals, 
10 particularly titanium or stainless steel. 

Although specific embodiments have been illustrated and 
described, it will be obvious to those skilled in the art that various 
modifications may be made without departing from what is intended to 
15 be limited solely by the appended claims. 



21 



